Abstract: This study presents the determination of the stress intensity factors (SIFs) at the edges of the cracks in an elastic strip weakened by N-collinear cracks. The problem of an orthotropic elastic strip is reduced to a system of Cauchy type singular integral equations. The system of singular integral equations is approached by a Quadrature technique. Under two different loading conditions, the results are obtained for the different cases of crack numbers. The resistance of the strip is examined by considering the orthotropic properties of the strip material. Finally, the crack interactions are clarified during the analysis.
Introduction
In fracture mechanic, multiple crack problems are very important subjects. Because, in practice, it is uncommon to encounter a crack problem involving only a single crack. It is important to analyse the crack interactions. Many studies have been done on the interactions of multiple cracks. Some of the studies are listed below:
Rao and Reddy [1] considered a multiple crack system in a homogeneous, isotropic, and two dimensional linear-elastic body. The SIFs and energy release rates (ERRs) are approached efficiently by fractal finite element based continuum shape sensitivity analysis under mixed-mode loading condition. Hwang et. al. [2] further extended the virtual crack extension method to the general case of multiple crack systems under mixed-mode loading. They presented analytical expressions for derivatives of ERRs and SIFs and gave comparisons between present numerical solution and finite difference method. A numerical solution of a multiple crack problem in a finite plate using coupled integral equations was presented by Chen and Wang in [3] . Non-dimensional SIFs and T-stresses for different cases of the cracks (an inclined crack in a square cracked plate, two parallel cracks in a staking position, two inclined cracks in an elliptic cracked plate) were given in tabular forms. The study of Ma et.al [4] includes a multiple crack problem for an infinite plate. Two single crack problems with different tractions applied to the crack which led to the Riemann-Hilbert problem were examined. Muravin and Turkel [5] designed a multiple crack weight (MCW) method for the strongly interacting cracks. They developed an algorithm for the construction of weight functions to handle multiple interacting cracks. Variation of SIFs for double-edged collinear cracks in finite plate under normal load and Star-shaped crack in finite plate under bi-axial load was presented. Jin and Keer [6] handled a multiple crack problem on an elastic half plane. A procedure based on the distributed dislocation method was given. Three different patterns of modeling dislocation density at the crack mouth were discussed. Nondimensional SIFs corresponds to the number of the crack were determined. An elaborated analysis was done for recent developments of multiple crack problems in plane elasticity by Chen [7] . Some kinds of integral equations were suggested for the multiple crack problems in plane elasticity. The effectiveness of the integral transform method and the complex variable function method were compared for some particular cases. Different kinds of the singular integral equations for multiple crack problems and their regularization procedures were given. Zheng et.al., [8] first formulated a nonlinear complementarily problem and the boundary value problem fitted to the servo control way. They proposed an algorithm to simulate growth of multiple cracks. As examples, they examined a symmetric central straight crack, a plate with two holes and edge cracks and a plate containing 10 random cracks.
Erbas et.al., [9] reduced a contact problem to a singular integral equation with the help of Fourier transform technique. The singular integral equation is approached by an iterative solution method and a direct asymptotic procedure for the thick and thin strip, respectively. Numerical results of pressure and moment are given for the different values of relative thickness of the strip. Erdogan et.al., discussed the numerical solution of singular integral equations [10] . Numerical examples for first and second kind singular integral equations are included. An orthotropic strip problem weakened by a crack is handled in the studies of Yusufoğlu and Turhan [11, 12] . A singular integral equation is induced by the equations of elasticity theory and Fourier transform of Airy's stress function. The solution of the singular integral equation is approached by an iterative technique and Gauss Chebyshev quadrature, respectively.
In this study, an orthotropic strip weakened by N-cracks is considered. A system of singular integral equations is derived. The system of singular integral equations is approached by Gauss quadrature formulas. As examples, the cases of N=1, N=2, N=3 are taken and the numerical results of normalized SIFs are presented.
Solution of mixed boundary value problem corresponding to N-crack
Let us consider a crack problem which presents the generalization of the N-collinear cracks on an elastic orthotropic strip (see Figure. Let us present a formulation of the considered problem with the help of theory of elasticity. The boundary conditions of the problem can be expressed as; ( , ) ( , ) 0,
in which υ is the vertical displacement; xy σ and y σ are shear and normal stress components, respectively. According to the analogy in [11, 12] , considering kinematic equations, equilibrium equations, Hooke's law, Airy function and using the Fourier transform technique and Eqs. (1), the following system of singular integral equation is obtained:
where, ( ) ( ) 
where,
The procedure given in [14] is prefered for the solution of reduced system of singular integral equations (5), (6) . So, according to the index theory of Muskheleshvili [15] , the solution is the form of ( ) ( )
Substituting Eqs. (7) into Eqs. (5) and (6), we obtain
respectively. The function
Lagrange interpolation polynomials (8) and (9), namely
By considering the known formula [16] ( ) ( ) ( )
where, ( ) n U t is the Chebyshev polynomial of second kind, the following equality is valid
By using the following known relation for Chebyshev polynomials
may be expressed as
Taking into account (13) and using appropriate Gauss-Chebyshev integration formula for Eq. (7), next, setting t= t m (m=1,2,…,n-1) in equation (10), where t m are roots of the polynomial
, we obtain the following system of linear equations
Numerical results for SIFs
In this section, the elasticity problem is solved numerically by Gauss quadrature approach for the different cases of N, i.e., N=1, N=2, N=3. The stiffness properties of the three kinds of orthotropic materials are given in Material i is the name of three orthotropic materials by which the strip is made. Table 1 shows that Materials 2 and 3 are same except a 90 degree rotation of orthotropy and while Material 3 has the highest orthotropy, Material 2 has weakest orthotropy in crack line direction.
Two different loading conditions given in Figure 2 are loaded to the sides of the cracks to determine the SIFs. These conditions are uniform crack surface pressure ( ( ) = = q x q const ) and Tables 2-3 give the normalized SIFs under uniform crack surface pressure for a strip weakened by different numbers of cracks. As is seen from Tables 2-3, cracking starts earlier when crack numbers in the strip increase. So increasing of the crack numbers leads to decreasing of strip resistance.
As is known, crack propagation occurs when ≥ Table 2 that while the SIF values for the strip composed of Material 3 are the highest, the SIF values for the strip composed of Material 2 are the lowest. So, it can be interpreted that, when orthotropy properties of the strip increase, SIFs increase and critical load decreases. So the resistance of the strip decreases.
By comparing Table 2 and Table 3 , it is concluded that, when the crack sides are loaded by uniform crack surface pressure, while the strip thickness decreases, normalized SIFs decrease, too. So critical load increases and the resistance of the strip increases. Tables 4-11 show normalized SIFs determined by an ortotropic strip weakened by different cracks under fixed-grip loading. It is assumed that same forces are applied to both two cracks. For the case of N=1, when δh<0, crack propagation starts at left edge (a 1 ), when δh>0, crack propogation stars at right edge (b 1 ).
In Tables 2-3 , for the case of N=1, it is assumed that the crack is just located on a 1 =-10a, b 1 =-a. Because, for the same length cracks, the normalized SIF values are same under uniform crack surface pressure. But in Tables 4-9 , we preffered to present two different location for the case of N=1. It can be concluded that, when the crack slides through -Ox, if δh<0, SIFs increase; on the contrary, if δh>0, SIFs decrease. For all the cases given in Tables 4-11 , independently of crack numbers, sizes and loading condition, it can be deduced that when then the material orthotropy properties of strip in the crack line increase, normalized SIFs increase, too. So, critical load decreases and the strip's resistance decreases. Tables 4-7 shows that when δh<0, if the thickness of the strip decreases, the SIF values of the cracks located on axis -Ox increase; on the contrary, the SIF values of the cracks located on axis Ox decrease. Similarly, it follows from Tables 8-11 , when δh>0, if the thickness of the strip decreases, the SIF values of the cracks located on axis -Ox decrease; on the contrary, the SIF values of the cracks located on axis Ox increase. Table 9 . The normalized SIFs determined under fixed-grip loading δh=ln5 for a strip weakened by different numbers of cracks for h=40a. 
Conclusions
In this study, SIFs at the edges of the cracks in an elastic strip weakened by N-collinear cracks are obtained for the special cases of N=1, N=2 and N=3. It is assumed that the crack sides are loaded by uniform crack surface pressure and fixed-grip loading.
The case of N=1 is approached by Gauss Quadrature formulas. The same problem has been solved by Iterative method and Gauss Chebyshev Quadrature in the previous studies [11, 12] and the results for the normalized SIF values are compared with [13] .
The case of N=2 is approached by Gauss Quadrature formulas and Iterative method. It is established that, when the distance between the cracks increases, i.e., ε=a/b increases, normalized SIFs decrease. Also, it is obvious that the crack propagation starts at x=±a. When the crack sides are loaded by uniform crack surface pressure it has seen that Table 4 and Table 10 shows that when the strip is weakened by symmetric two cracks, the SIFs under fixed-grip loading δh=ln0.1 at the left edge (a 1 ) are same with the SIFs under fixed-grip loading δh=ln10 at the right edge (b 2 ). The same comparison can be done for Table 6 and Table 8 for the fixed-grip loading δh=ln0.2 and δh=ln5. The case of N is approached by Gauss Quadrature formulas. The presented results show that when crack numbers in a strip increase, cracking starts to spread faster. Also, it is obvious that increasing of crack length leads to increasing of SIFs. When the crack sides are loaded by uniform crack surface pressure, the crack starts to spread at the inner sides. On the other hand, when the crack sides are loaded by fixed-grip loading, if δh<0, cracking starts at the left crack; and if δh>0, cracking starts at the right crack.
Finally, for all cases of N from tables and figures, it can be concluded that under uniform crack surface pressure, when relative thickness of the strip increases SIFs increase, too. It causes to decrease of strip's resistance. If the crack sides are loaded by fixed-grip loading, for δh<0, while thickness of the strip decreases, the normalized SIFs on axis -Ox increase; but rather, the normalized SIFs on axis Ox decrease. Another point, for δh>0, while the thickness of the strip decreases, the normalized SIFs on axis -Ox decrease, conversely, the normalized SIFs on axis Ox increase. Also, the cracks in the strip composed of Material 3 starts to spread faster by comparision with the strips made from Material 1 and Material 2. So, between the strips which have same geometry and same cracks, the resistance of strip made from Material 3 is the lowest. Additionally, when material orthotrophy parameter E 1 /E 2 increases, SIFs increase, too. As a result, when material anisotrophy increases, critical load decreases and so strip resistance decreases.
